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Abstract
The detection of high energy gamma-ray emission from AGN has resulted in several emission
mechanisms and emission sites being proposed. One such emission mechanism relies on the
inverse Compton effect. In this effect low energy photons are upscattered to high energies
due to collisions with high energy electrons. This would suggest a possible link between
radio synchrotron emission (providing high energy electrons) and the observed gamma-ray
emission. Previous work in the field has suggested such a link, however the details of the
interaction are not fully understood. Statistical studies on a sample of AGN have shown
a delay due to optical depth effects of the order of 1.2 months in the source frame, with
the gamma-ray emission leading. In this thesis studies of individual sources are presented,
for which flaring events have been observed, and it is found that while optical depth can
explain the time lag between flaring at different frequencies in some cases, it can not be the
sole mechanism causing such a delay. Different emission sites for the radio and gamma-ray
flares are proposed, to account for the properties observed. A new instrument, the single
baseline interferometer CHI which can be used to quickly ascertain the compact radio flux of
a gamma-ray flaring AGN is also introduced.
Acknowledgements
This thesis would not have been possible without the following people. You are all awesome!
I’m sure I’ve forgotten people so many many thanks to the lot of you!
Firstly my supervisors: Jim Lovell Thank you so much for taking me on as a student,
figuring out where this project would end up with me, and getting corrections to me in record
time! Also for putting up with me breaking your telescopes all the time... Roopesh Ojha,
many thanks are also due for all the help you have given me, pulling me into TANAMI, late
night skype chats from the other side of the world, showing me around Greenbelt, getting me
to go to Germany for 5 months and everything else. Phil Edwards, thanks for all the times
you’ve sent me interesting papers to read, the discussions about everything radio, always
clearing a space on your desk for me when I come to visit ATNF and information dump at
you and more. John Dickey, for always having an open door and discussing problems. You
have all been amazing and I couldn’t have done this without you!
I also need to thank Joern Wilms, Matthias Kadler and the rest of the Bamburg,
Erlangen, and Wuerzburg crew for giving me the chance to come work in Germany for 5
months. I had a great time and learnt a lot!
Thanks are also due Justin Finke andMike Dutka for all their help on SED modelling
and gamma-ray reduction respectively. Mike, thanks also for driving me around Greenbelt
and all your patient explanations of gamma-ray reduction, SWIFT stuff and so on!
Karen Bradford, you are a logistical marvel and always helpful and fun to chat to. This
thesis would not exist without your help!
Stas Shabala and Jamie McCallum My thanks go out to you two for always being
around to help troubleshoot telescopes, answer random questions, and speculate about the
weird flare seen in source x.
My officemate Anita Titmarsh, thanks for decorating my office in thesis finishing
colours! Then there’s putting up with me for... 8 and a bit years. Also to Chris Jor-
dan for being my replacement... and being a great housemate the last few weeks of my thesis
writing.
To the little PhD crowd next door Vasaant, Dave, Courtney and Paul (in room
order) for the many discussions about stuff, and major board staring sessions.
To all my friends, who’ve been supportive of me during the thesising, many thanks go
out to you all.
iMinnie Mao, for being an amazing housemate and friend and for sharing Tassie with
me. I had an awesome time exploring with you! There’s still so much to see...
Lastly I have to thank my family, Mum, Dad, Sis, I love you all. Thanks for all the
support you’ve given me throughout my studies, and sorry for the times I was grumpy at
you.
Contents
1 AGN - A Review 1
1.1 Discovery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Optical Spectra . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.3 AGN and Seyferts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.4 Blazars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.4.1 BL Lacertae Objects . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.4.2 Other Types . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.4.3 Blazar features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.5 Unified Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.5.1 Black Hole . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.5.2 Accretion Disk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.5.3 A Broad Line Region (BLR) . . . . . . . . . . . . . . . . . . . . . . . 6
1.5.4 A Narrow Line Region (NLR) . . . . . . . . . . . . . . . . . . . . . . . 6
1.5.5 A Jet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
1.6 Spectral Energy Distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
1.7 Emission Mechanisms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
1.7.1 Radio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
1.7.2 Inverse Compton Effect . . . . . . . . . . . . . . . . . . . . . . . . . . 11
1.7.3 Superluminal Motion . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
1.8 Radio - Gamma-Ray Connection . . . . . . . . . . . . . . . . . . . . . . . . . 14
1.8.1 EGRET Era . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
1.9 The Fermi - LAT Era . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
1.10 Interstellar Scintillation - Microarcsecond Structure . . . . . . . . . . . . . . . 18
1.11 This Thesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
2 Ceduna−Hobart Interferometer 21
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
2.2 CHI: The Ceduna Hobart Interferometer . . . . . . . . . . . . . . . . . . . . 22
2.3 Observing Strategy for flaring AGN . . . . . . . . . . . . . . . . . . . . . . . 24
2.4 Calibration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
2.4.1 Initial Calibration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
iii
iv CONTENTS
2.4.2 CHI Calibration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
2.5 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
2.6 Summary and Future Developments . . . . . . . . . . . . . . . . . . . . . . . 29
3 Scintillation Analysis 31
3.1 Fermi-LAT vs MASIV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
3.2 MASIV vs Fermi -LAT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
3.3 Scintillation per epoch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
3.4 Long term Radio Variability Related to Gamma-Ray Flux Density . . . . . . 35
3.5 Long term variability of scintillating sources . . . . . . . . . . . . . . . . . . . 36
3.6 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
4 VLBI and Modelfitting 39
4.1 PKS 0208−512 Imaging . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
4.2 PKS 0208−512 Modelfitting . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
5 PKS 0208−512 Time Domain Analysis 49
5.1 Australia Telescope Compact Array Light Curves . . . . . . . . . . . . . . . 49
5.1.1 Radio Spectral Shape . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
5.2 Ceduna Single Dish Light Curves . . . . . . . . . . . . . . . . . . . . . . . . . 50
5.2.1 Data Reduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
5.3 APEX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
5.4 Small and Moderate Aperture Research Telescope System . . . . . . . . . . . 54
5.5 Swift-UVOT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
5.6 Rapid Eye Mount Telesope . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
5.7 Swift-XRT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
5.8 Fermi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
5.9 Cross Correlation Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
5.10 Radio Cross Correlation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
5.11 Optical - Gamma-Ray . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
5.12 Radio - Optical Correlation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
6 Spectral Energy Distribution of PKS 0208–512 69
6.1 Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
6.1.1 Radio Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
6.1.2 Optical Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
6.1.3 SWIFT-XRT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
6.2 SED Modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
6.2.1 Quiescent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
6.2.2 Active 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
6.2.3 Active 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
CONTENTS v
6.2.4 Active 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
6.2.5 Active 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
6.2.6 Active 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
6.3 Implications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
7 Other Sources 85
7.1 PKS 1424–418 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
7.1.1 Gamma-ray Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
7.1.2 Radio Monitoring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
7.1.3 SMARTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
7.1.4 Fermi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
7.1.5 Cross Correlation Analysis . . . . . . . . . . . . . . . . . . . . . . . . 90
7.2 PKS 1622–253 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92
7.2.1 VLA Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92
7.2.2 Radio Monitoring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
7.2.3 VLBI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
7.2.4 Radio Cross Correlations . . . . . . . . . . . . . . . . . . . . . . . . . 93
7.2.5 Gamma-ray Cross Correlations . . . . . . . . . . . . . . . . . . . . . . 96
7.3 PKS 2052–474 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97
7.3.1 Radio Monitoring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97
7.3.2 SMARTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98
7.3.3 Fermi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
7.3.4 Cross Correlation Analysis . . . . . . . . . . . . . . . . . . . . . . . . 99
7.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
8 Summary and Conclusions 107
8.1 Physical Processes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
8.1.1 PKS 0208–512 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
8.1.2 PKS 1424–418 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
8.1.3 PKS 1622–253 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
8.1.4 PKS 2052–474 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
8.1.5 Overall Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
8.2 Further Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
